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In the chromium-containing material film of the present 
invention, an element is added thereto and is capable of 
bringing a mixture of the element and the chromium into a 
liquid phase at a temperature of 400° C. or lower. The use 
of Such a chromium-containing material film as an optical 
film (e.g., a light-shielding film, an etching mask film, or an 
etching stopper film) of a photo mask blank can achieve an 
improvement in chlorine-dry etching while retaining the 
same optical characteristics and the like as those of the 
conventional chromium-containing material film, thereby 
increasing the patterning precision. 
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1. 

PHOTOMASK BLANK, PROCESS FOR 
PRODUCTION OF PHOTOMASK, AND 
CHROMUM-CONTAINING MATERAL 

FILM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of U.S. patent 
application Ser. No. 13/883,850, filed on May 7, 2013, 
which is a 35 U.S.C. S371 national stage patent application 
of International patent application PCT/JP2011/006422, 
filed on Nov. 18, 2011, published as WO/2012/070209 on 
May 31, 2012, the text of which is incorporated by refer 
ence, and claims the benefit of the filing date of Japanese 
application nos. 2010-259675 and 2011-127511, filed on 
Nov. 22, 2010 and Jun. 7, 2011, respectively, the text of both 
of which is also incorporated by reference. 

TECHNICAL FIELD 

The present invention relates to a technique for manufac 
turing a photo mask. More specifically, the present invention 
relates to a photo mask blank used in production of a photo 
mask to be employed for microfabrication of an integrated 
circuit, a CCD (charge-coupled device) color filter, a LCD 
(liquid crystal display) color filter, a magnetic head, or the 
like, and to a chromium-containing material film serving as 
a structural component thereof. 

BACKGROUND ART 

A microfabrication technique is a very important basic 
technique in the field of semiconductor technology, and the 
research and development thereof have been progressed for 
further finer microfabrication. In recent years, in particular, 
the degree of request for microfabrication technique is 
becoming more than ever with respect to the high integration 
of a large scale integration circuit because of finer circuit 
patterns and finer wiring a pattern, a finer pattern of contact 
holes for interlayer wiring of a cell, and the like. 

In view of such a circumstance, in the field of a photo 
mask production technique used in a photolithography step 
in the microfabrication as described above, a technique for 
writing a fine and correct circuit pattern (mask pattern) also 
becomes being demanded in the field of a photo mask 
production technique. 

In order to form a highly precise mask pattern, it is 
required to form a highly precise resist pattern on a photo 
mask blank. Generally, reduction projection is performed 
when forming a pattern on a semiconductor Substrate by 
photolithographic technique. The size of the pattern formed 
on the photo mask is therefore approximately four times 
larger than the side of the pattern formed on the semicon 
ductor substrate. However, this does not mean that the 
desired precision of the pattern formed on the photo mask is 
Smaller than the pattern formed on the semiconductor Sub 
strate. Rather, the precision of a pattern formed on the photo 
mask as a master disc is desired to be more than an actual 
pattern obtained after exposure. 

In today’s photolithography technical field, the size of a 
circuit pattern to be drawn is considerably smaller than the 
wavelength of light to be used for exposure. Thus, in the case 
of forming a photo mask pattern with a just four-times larger 
circuit pattern, light interference or the like, which is gen 
erated under exposure, influences on transfer of an original 
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2 
shape. As a result, the original shape cannot be transferred 
onto the resist film of a photo mask blank. 

In order to reduce such influence, therefore, it may be 
necessary to process a photo mask pattern into a shape more 
complicated than the actual circuit pattern. The shape may 
be, for example, a shape Subjected to optical proximity 
correction (OPC). 

Accordingly, a more precision processing technique has 
been also desired in a lithographic technique for forming a 
photo mask pattern. In some cases, lithography performance 
is expressed in resolution limit. As described above, how 
ever, a pattern formed on a photo mask as a master disc 
desires more precision than an actual pattern formed after 
exposure. Thus, resolution limit required for formation of a 
photo mask pattern is almost equal to or more than one 
required in lithography for forming a pattern on a semicon 
ductor base. 

In general, when forming a photo mask pattern, a resist 
film is formed on the surface of the photo mask blank in 
which a light-shielding film is mounted on a transparent 
Substrate, and a pattern is then drawn (exposed) on the resist 
film by an electron beam. Subsequently, after obtaining a 
rest pattern after developing the exposed resist film, the 
light-shielding film is etched by using this resist pattern as 
a mask to obtain a light-shielding (film) pattern. The light 
shielding (film) pattern thus obtained is served as a photo 
mask pattern. 

In this case, the above resist film should be thinned 
depending on the degree of fineness of the light-shielding 
pattern. This is because, when forming a fine light-shielding 
pattern while keeping the thickness of the resist film, the 
ratio (aspect ratio) of the thickness of the resist film to the 
size of the light-shielding pattern becomes large and causes 
troubles of unsatisfied pattern transfer due to degraded shape 
of the resist pattern, collapse or peel of the resist pattern, or 
the like. 
As a material of the light-shielding film mounted on the 

transparent Substrate, many kinds of materials have so far 
been proposed. Among them, however, a chromium com 
pound has been practically used because of much know-how 
on etching, for example. 
Dry etching of a chromium-containing material film is 

generally performed by chlorine-containing dry etching. In 
many cases, however, chlorine-containing dry etching has a 
certain level of ability to etch an organic layer. In the case 
that a resist pattern for etching a light-shielding film is 
formed on a thin resist film, therefore, the resist pattern is 
etched too much to ignore by chlorine-containing dry etch 
ing. As a result, the proper resist pattern cannot be correctly 
transferred to the light-shielding film. 

Hence, a resist material having excellent etching resis 
tance has been requested. In practice, however, Such a resist 
material has not been known yet. For this reason, to obtain 
a light-shielding (film) pattern having high resolution prop 
erty, a light-shielding film material having more processing 
accuracy has been reexamined. 
As a specific effort to reexamine the light-shielding film 

material having more processing accuracy, there is reported 
an attempt to increase the etching rate of a light-shielding 
film by allowing a chromium compound serving as a light 
shielding film material to contain only a predetermined 
amount of a light element (see, for example, Patent Litera 
ture 1 and Patent Literature 2). 

Patent Literature 1 (WO 2007/74806A) discloses a tech 
nique that uses a material mainly containing chromium (Cr) 
and nitrogen (N) and having an X-ray diffraction peak of 
substantially CrN (200) as a light-shielding film material to 
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Suppress a decrease in thickness of a resist film by increasing 
the dry etching rate of the light-shielding film. 

Furthermore, Patent Literature 2 (JP 2007-33470 A) dis 
closes the invention of a photo mask blank where the 
composition of a light-shielding film formed of a chromium 
containing compound is made rich in light element and low 
in chromium composition as compared with the composition 
of the conventional film so that the composition, film 
thickness, and laminated structure of the photo mask blank 
can be Suitably designed to obtain desired transmittance T 
and reflectance R while trying to increase the dry etching 
rate of the light-shielding film. 

CITATION LIST 

Patent Literatures 

Patent Literature 1: WO 2007/74806 A 
Patent Literature 2: JP 2007-33470 A 
Patent Literature 3: JP 2005-200682 A 
Patent Literature 4: JP 08-292549 A 
Patent Literature 5: JP 07-140635 A 
Patent Literature 6: JP 2007-241060 A 
Patent Literature 7: JP 2007-241065. A 

SUMMARY OF THE INVENTION 

Technical Program 

However, the technique as described above, where a light 
element is added to a chromium-containing compound to 
Suppress a decrease in thickness of a resist film by increasing 
the dry-etching rate of a light-shielding film, has the fol 
lowing disadvantage: 
When using a chromium-containing compound as a light 

shielding film, the light-shielding film is demanded not only 
to ensure its improved etching rate but also to ensure 
predetermined optical characteristics because the light 
shielding film is also served as an optical film. The flexibility 
of the film design enough to simultaneously satisfy both 
demands is not always high. 

Even in the case of using a chromium-containing com 
pound as a film material for forming an etching mask for 
processing a light-shielding film but not as a light-shielding 
film material, a range of amount of a light element which can 
be added is naturally limited to ensure the functional aspect 
of the chromium-containing compound. Thus, the flexibility 
of a film design is not always high. 

From these facts, it is desired to provide a technique for 
improving the etching rate of a film made of a chromium 
based material by an approach which is different from the 
conventional approach of light-element addition. 
The present invention has been made in consideration of 

the above problem and its object resides in providing a novel 
technique that can increase a dry-etching rate of a film made 
of a chromium-containing material while assuring the design 
flexibility thereof. 

Solution to Problem 

In order to solve the above problem, a photo mask blank 
according to a first aspect of the present invention includes 
a chromium-containing material film that contains chro 
mium as a metal element, where the chromium-containing 
material film is added with an element that is capable of 
bringing a mixture of the element and the chromium into a 
liquid phase at a temperature of 400° C. or lower. 
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4 
Preferably, the chromium-containing material film has a 

region in a thickness direction thereof to which the element 
is added at a concentration of 0.01 atomic 96 to 20 atomic 96. 

Preferably, furthermore, the region in the thickness direc 
tion has a thickness of 50% or more of the total film 
thickness of the chromium-containing material film. 
The element added is indium or tin, for example. 
Furthermore, the chromium-containing material is, for 

example, any one of a chromium metal, a chromium oxide, 
a chromium nitride, a chromium carbide, a chromium oxyni 
tride, a chromium oxycarbide, a chromium carbonitride, and 
a chromium oxycarbonitride. 
The chromium-containing material film is, for example, 

any one of a light-shielding film, an etching mask film, and 
an etching stopper film. 
The light-shielding layer may be configured to have a 

laminated structure of an antireflection layer and a light 
shielding layer. At least one of the antireflection layer and 
the light-shielding layer may be configured to have an area 
to which an element is added at a concentration of 0.01 
atomic '% to 20 atomic 96 and is capable of bringing a 
mixture of the element and the chromium into a liquid phase 
at a temperature of 400° C. or lower. 

Preferably, the ratio (R/R) of a chlorine-containing dry 
etching rate (R) on the above chromium-containing mate 
rial film and a fluorine-containing dry etching rate (R) is 
large compared with a chromium-containing film to which 
the above element, which is brought into a liquid phase at 
400° C. or lower, is not added. 
The chromium-containing material film is formed by, for 

example, co-sputtering by which a chromium target and a 
target containing the element are simultaneously sputtered. 
A photo mask blank according to a second aspect of the 

present invention include a chromium-containing material 
film, where the chromium-containing material film has a 
region in a thickness direction thereof containing tin at a 
concentration of 0.5 atomic '% or more. 

For instance, the aspect may be configured to include the 
chromium-containing material film as a light-shielding 
layer, where the light-shielding film has a laminated struc 
ture of an antireflection layer and a light-shielding layer, and 
at least one of the antireflection layer and the light-shielding 
layer contains tin. 
A method for manufacturing a photo mask according to 

the present invention is characterized by comprising a step 
of using the above photo mask blank to pattern the chro 
mium-containing material film with a gas mixture contain 
ing at least chlorine and oxygen. 

Advantageous Effects of Invention 

In the chromium-containing material film of the present 
invention, an element is added thereto and is capable of 
bringing a mixture of the element and the chromium into a 
liquid phase at a temperature of 400°C. or lower. Comparing 
with the conventional chromium-containing metal film, 
therefore, an etching rate during the chlorine-containing dry 
etching simultaneously including chlorine and oxygen is 
improved. 
The use of Such a chromium-containing material film as 

an optical film (e.g., a light-shielding film, an etching mask 
film, or an etching stopper film) of a photo mask blank can 
achieve an improvement in chlorine-dry etching while 
retaining the same optical characteristics and the like as 
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those of the conventional chromium-containing material 
film, thereby increasing the patterning precision. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram illustrating results of investigating 
distribution of indium in a chromium-containing material 
obtained from a chromium-indium complex target by using 
electron spectroscopy for chemical analysis (ESCA). 

FIG. 2 is a diagram schematically illustrating the con 
figuration of a device used for dry etching in examples. 

DESCRIPTION OF EMBODIMENTS 

Hereinafter, an embodiment of the present invention will 
be described with reference to drawings. 

Chromium-containing materials have been widely used as 
optical film materials because of their comparatively good 
chemical stability. Furthermore, since chromium-containing 
materials have high resistance to fluorine-containing etching 
gas, such materials can be reliably used as masks for 
patterning silicon-containing materials when the silicon 
containing materials are subjected to fluorine-containing 
dry-etching. 

Here, examples of a chromium-containing material (base 
material) can include a chromium metal, chromium oxide, a 
chromium nitride, a chromium carbide, a chromium oxyni 
tride, a chromium oxide carbide, a chromium nitride car 
bide, and a chromium oxide nitride carbide. In the present 
invention, a chlorine-containing dry etching rate can be 
increased by incorporating an element into these base mate 
rials, where the element is capable of bringing a mixture of 
the element and the chromium into a liquid phase at a 
temperature of 400° C. or lower. 

However, the patterning of a chromium-containing mate 
rial film is generally performed by chlorine-containing dry 
etching simultaneously containing oxygen and chlorine. A 
resist for patterning is etched by the chlorine-containing dry 
etching to an unignorable extent, and as a result it becomes 
difficult to carry out the patterning of the chromium-con 
taining material film with high accuracy. 

Incidentally, although the chromium-containing material 
film is formed by sputtering, a desirable chromium target to 
be used in film formation is of high purity. In general, this 
is due to the reasons of for example, an empirically known 
fact that a metal impurity in the chromium-containing mate 
rial film leads to a decrease in etching rate of the film. 
Furthermore, JP 2005-200682 A (Patent Literature 3) 
describes that a sputtering target can be a source of indium 
contaminant generated during the film formation when the 
target shifts from a backing plate. 
As for indium or tin, JP 08-292549A (Patent Literature 4) 

describes that examples of a material that is hardly etched 
even by dry etching with fluorine gas include ITO (indium 
tin oxide) as well as alumina and tin oxide, and the ITO can 
be used as an etching stopper. 

The present inventors have repeatedly performed various 
examinations on a novel procedure for increasing the dry 
etching rate of a film made of a chromium-containing 
material while assuring design flexibility of the film. The 
present invention has completed by finding that a chlorine 
containing dry etching rate can be increased by addition of 
an element into a chromium-containing film, where the 
element is capable of bringing a mixture of the element and 
the chromium into a liquid phase at a temperature of 400° C. 
or lower. 
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6 
As is evident from examples described later, when an 

element is added to a chromium-containing material film, 
where the element is capable of bringing a mixture of the 
element and the chromium into a liquid phase at a tempera 
ture of 400° C. or lower, the etching rate during chlorine 
containing dry etching on the chromium-containing material 
film increases as compared with that of a chromium metal 
film (i.e., a clear time is shorten). On the other hand, as is 
evident from comparative examples described later, when an 
element is added to a chromium-containing material film, 
where the element is capable of bringing a mixture of the 
element and the chromium into a liquid phase at a tempera 
ture of higher than 400°C., the etching rate during chlorine 
containing dry etching on the chromium-containing material 
film decreases as compared with that of a chromium metal 
film (i.e., a clear time is extended). In some cases, it is no 
longer etched. 

Examples of an element that is capable of bringing a 
mixture of the element and the chromium into a liquid phase 
at a temperature of 400° C. or lower can include indium 
(T=157° C.), tin (T-232° C.), and bismuth (T=271° C.), 
and also include thallium, lithium, Sodium, potassium, and 
mercury. Here, the temperature (T,) at which the mixture is 
brought into a liquid phase is a value at ordinary pressure. 

Examples of the element capable of bringing a mixture of 
the element and the chromium into a liquid phase at a 
temperature of higher than 400° C. can include nickel 
(T=487° C.) and copper (T=1077° C.). Furthermore, the 
temperature that allows the mixture with chromium to form 
a liquid phase can be determined from a phase diagram. 

Under the chlorine-containing dry etching conditions, an 
element to be added to a chromium-containing material film 
is more preferably one capable of bringing a mixture of the 
element and the chromium into a liquid phase at a tempera 
ture (T,) of 250° C. or lower. In the present invention, 
furthermore, the lower limit of the temperature (T,) at which 
the mixture is brought into a liquid phase is not particularly 
limited. However, it is more preferable to set the temperature 
(T) for causing a liquid phase to ordinary temperature or 
higher, thereby making handling easier. 

In particular, the boiling points of indium and tin are 
higher than the melting point of chromium, so that indium 
and tin are preferred in the viewpoint of ease of preparing an 
alloy target or a mixture target with chromium. 

In other words, conventionally, film formation of a chro 
mium-containing material film is designed to avoid contami 
nation of metal impurities in the chromium-containing mate 
rial film by using a high-purity chromium target. On the 
other hand, in the present invention, based on the completely 
novel finding of the present inventors as described above, an 
element capable of bringing a mixture of the element and the 
chromium into a liquid phase at a temperature of 400° C. or 
lower is consciously added to a chromium-containing mate 
rial film to increase a chlorine-containing dry etching rate 
while keeping the optical characteristics of the chromium 
containing material film. 

With respect to the reasons why such effects can be 
obtained, the present inventors recognize as follows: 
When carrying out dry etching of a chromium-containing 

material film, plasma added with chlorine and oxygen as 
reactive gas is used. Such an etching reaction is generally a 
gas phase-solid phase reaction. However, the etching reac 
tion is considered as a process where, in order to advance 
this reaction, a gas element (gas Substance) should be 
adsorbed on the surface of a solid at first and then the 
element of the solid excited with the energy of plasma reacts 
with the adsorbed gas Substance. 
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If an extremely thin liquid gas phase is present on the 
surface of the solid, the gas element is absorbed into the 
liquid phase. Substantially, therefore, the same behavior as 
that of an increase in amount of adsorbed gas can be 
expected. In other words, the Substance that forms a liquid 
phase by heating with plasma during the dry etching can be 
expected to increase the dry-etching rate of the chromium 
containing material film. 

Here, although the plasma temperature is extremely high, 
the density itself is extremely low. Thus, only the extreme 
Surface layer of the dry-etching target is heated. As a result, 
a temperature profile is considered to be formed such that 
temperature rapidly falls from the surface of the dry-etching 
target to the depth thereof. Under such a temperature profile, 
a liquid phase formed on the Surface of the dry-etching target 
is considered to become deeper (thicker) as the liquid-phase 
forming temperature lowers. That is, it is considered that the 
liquid phase is formed more deeply as the liquid-phase 
temperature is lower, and then the reaction takes place 
efficiently. 

In the chromium-containing material film of the present 
invention, the content (concentration) of the element added 
is preferably 0.01 to 20 atomic %, more preferably 0.5 to 20 
atomic 96. In particular, when the element added is tin, the 
concentration range is preferably 0.5 to 20 atomic '%, more 
preferably 1 to 20 atomic '%. 

Furthermore, the above concentration range is not always 
necessary for the entire chromium-containing material film. 
The chromium-containing material film may have a region 
where the element is added in an amount within the above 
concentration range in the thickness direction of the chro 
mium-containing material film. Furthermore, such a region 
in the thickness direction may have a thickness of 50% or 
more of the entire film thickness of the chromium-contain 
ing material film to increase the precision of the patterning 
while the thickness of a resist during the dry etching can be 
decreased by improving the etching rate. Furthermore, in the 
chromium-containing material film, the content (concentra 
tion) of the above element added is preferably 0.01 to 30 
atomic 96, more preferably 0.01 to 20 atomic '% as a range 
with respect to chromium in the chromium-based material 
film. 
When the content (concentration) of the above element 

added in the chromium-containing material film is 0.01 to 20 
atomic '%, Substantially the same chemical characteristics 
and optical characteristics as those of the chromium-con 
taining material film (chromium-metal film) to which the 
above element is not added can be obtained. Thus, it 
becomes possible to increase the etching rate during the 
chlorine-containing dry etching while keeping Substantially 
the same various characteristics as those of the convention 
ally designed chromium-containing film. Furthermore, if the 
content (concentration) of the element added becomes less 
than 0.01 atomic '%, expression of an effect of increasing the 
etching rate during the chlorine-containing dry etching may 
become insufficient. 

The element added does not need to be uniformly dis 
tributed in the chromium-containing material film, and it 
may have a profile having a change in concentration in the 
thickness (depth) direction of the film. Furthermore, the 
chromium-containing material film of the present invention 
does not need to be a uniform composition film, and it may 
have a structure in which a plurality of films having different 
compositions is stacked one on top of the other. 

For example, it may be a composite film prepared by 
stacking a chromium-containing material film containing the 
above element added in the above concentration range and 
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8 
a chromium-containing material film without containing the 
above element. In the chromium-containing material film of 
Such a laminated structure, for example, a lower layer may 
be a chromium-containing film added with an element 
capable of bringing a mixture of the element and the 
chromium into a liquid phase at a temperature of 400° C. or 
lower, and an upper layer may be provided as a chromium 
containing material film without containing Such an element. 
In this case, only the dry-etching rate of the lower layer can 
be increased. 
By applying Such a configuration to a light-shielding film 

provided to a photo mask blank, for example, another 
embodiment may be configured to make the light-shielding 
film into a laminated structure including an antireflection 
layer and a light-shielding layer, and at least one of the 
antireflection layer and the light-shielding layer is designed 
to have a region have a region to which an element is added 
at a concentration of 0.01 atomic '% to 20 atomic '% relative 
to chromium, and the element is capable of bringing a 
mixture of the element and the chromium into a liquid phase 
at a temperature of 400° C. or lower. 

In the case that the element added is tin, for example, 
another embodiment may be configured such that a light 
shielding film is provided as a laminated structure of an 
antireflection layer and a light-shielding layer, and at least 
one of the antireflection layer and the light-shielding layer 
has a region containing 0.5 atomic '% or more of tin. 
The chromium-containing material film of the present 

invention may be configured in any of other various varia 
tions. A plurality of chromium-containing films, where an 
element is added to the chromium-containing film and is 
capable of bringing a mixture of the element and the 
chromium into a liquid phase at a temperature of 400° C. or 
lower, may be stacked one on top of the other, and each of 
the chromium-containing material may include the above 
element in different concentrations, respectively. 
The chromium-containing material film used in the photo 

mask blank of the present invention preferably has a larger 
ratio (R/R) of a chlorine-containing dry etching rate (R) 
to a fluorine-containing dry etching rate (R) than that of a 
chromium-containing material film without the addition of 
the above element by which a liquid phase is formed at a 
temperature of 400° C. or lower. 

For example, it is preferred that the above etching rate 
ratio (R/R) of the above etching is 11 or more. Here, the 
etching rate ratio is expressed by the inverse number of a 
clear time at etching under each etching condition. Thus, the 
shorter the clear time is, the quicker (more) the etching rate 
is. The chromium-containing material film having Such 
etching characteristics allows itself to obtain characteristic 
features suitable for the use thereof as an etching stopper 
film or an etching mask film (hard Surface mask blank). 

Although the chromium-containing material film of the 
present invention can be obtained by a publicly known 
method for film formation, the use of a sputtering method, 
Such as a DC-Sputtering method or a RF-sputtering method, 
the film having excellent homogeneity can be obtained in a 
most easy manner. 
When carrying out the sputtering film-formation of the 

chromium-containing material film of the present invention, 
a target to be used may be one containing an additive 
element in advance. However, co-sputtering may be carried 
out so that a chromium target and the target containing the 
element added can be simultaneously sputtered. A target 
used may be a single target (complex target) that includes a 
chromium region and a region containing the element added. 
Furthermore, co-sputtering may be carried out using both 
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the above complex target and the chromium target. Further 
more, co-sputtering is preferable for changing the concen 
tration of the element added in the thickness direction of the 
chromium-containing material film. 
When incorporating an additive element into the sputter 

ing target, the additive element may be added as a metal or 
may be added in the form of a compound Such as oxide or 
nitride. 

In the case of carrying out co-sputtering using a plurality 
of targets, the amount (concentration) of an element to be 
added to the chromium-containing material film can be 
adjusted not only by controlling the Surface area ratios of the 
respective targets but also by controlling electric power to be 
applied to each target. 
The Sputtering gas used in film formation of the chro 

mium-containing material film of the present invention is 
Suitably selected according to the composition of the film. 
For example, only argon gas may be used when a chromium 
containing material film does not contain a light element. In 
the case of film formation of a chromium-containing mate 
rial film containing a light element, reactive sputtering may 
be carried out in one or more kinds of reactive gas, Such as 
nitrogen gas, nitrogen oxide gas, oxygen gas, carbon oxide 
gas, or hydrocarbon gas, or a gas mixture of any of those 
reactive gas and inert gas such as argon (see, for example, 
JP 07-140635 A (Patent Literature 5)). 
A gas flow rate during sputtering is suitably adjusted. The 

flow rate may be constant during film formation, or may be 
changed depending on the desired composition when there 
is a need of changing the amount of oxygen or the amount 
of nitrogen in the thickness direction of the film. 

In the case of performing film formation using a single 
target (complex target) that includes a chromium region and 
a region containing the element added, the concentration of 
the element added may become uneven in the thickness 
direction of the chromium-containing material film. In some 
cases, for example, when the element added is indium, the 
concentration of indium in the chromium-containing mate 
rial film may become more around the surface of the film but 
less in the inside of the film. 

FIG. 1 is a diagram illustrating an example of results 
obtained by investigating distribution of indium in the 
chromium-containing material obtained from a chromium 
indium by using electron spectroscopy for chemical analy 
sis. In this figure, the vertical axis represents the composi 
tion ratio of indium to chromium. 

This chromium-containing material film has a film thick 
ness of 10 nm when it is prepared by film formation using 
a chromium-indium complex target. The concentration of 
indium in the inside of the film is 0.01 or less in terms of 
composition ratio. In contrast, however, the concentration of 
indium in the Surface region corresponding to approximately 
/6 of the entire film thickness is significantly increased. 

In the case of the sputtering film-formation of the chro 
mium-containing material film of the present invention, 
therefore, such tendency should be taken into consideration 
when designing the film and setting the conditions for 
forming the film. 

Conventionally, a chromium-containing material film has 
been used as a light-shielding film (Patent Literature 1 and 
2), an etching mask film (Patent Literature 6: JP 2007 
241060 A), an etching stopper film (Patent Literature 7: JP 
2007-241065 A), or the like, which is included in a photo 
mask blank. 
The use of the chromium-containing material film of the 

present invention as Such a light-shielding film, an etching 
mask film, an etching stopper film, or the like allows the film 
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10 
to be provided with an improved dry etching rate while 
having the same characteristics as those of the conventional 
chromium-containing material film. For this reason, the 
patterning precision of the chromium-containing material 
film can be increased without performing any design change 
specific to the chromium-containing material film. 
When using a chromium-containing material film added 

with tin is used as a light-shielding film as described above, 
the content of tin may be 0.5 atomic '% or more with respect 
to the entire thickness of the light-shielding film. Alterna 
tively, another embodiment may be configured Such that the 
light-shielding film is formed of a laminated structure of an 
antireflection layer and a light-shielding layer, and provided 
as a film where only the antireflection layer has a tin content 
of 0.5 atomic '% or more, or only the light-shielding layer has 
as a film having a tin content of 0.5 atomic '% or more. 

In order to allow the chromium-containing material film 
of the invention to exert more remarkable effects, the content 
of tin is more preferably 3 atomic '% or more, still more 
preferably 5 atomic '% or more. In the case of tin, different 
from other additive elements, the upper limit of the content 
thereof is not essentially restricted. However, since there is 
a possibility that optical characteristics or the like may be 
significantly changed when tin is excessively included, the 
content of tin is preferably 30 atomic 96 or less. Unless 
otherwise specified, it is preferred to set the content of tin to 
20 atomic 96 or less as in the case of other additive elements. 
When using the chromium-containing material film of a 

the present invention as a light-shielding film provided in a 
photo mask blank, as in the case of the conventional 
chromium-containing material film, a light element such as 
oxygen or nitrogen, or further carbon or hydrogen can be 
suitably added if needed to keep desired optical functions 
and chemical functions. 
As described above, examples of a chromium-containing 

material (base material), which can be used in the present 
invention, can include a chromium oxide, a chromium 
nitride, a chromium carbide, a chromium oxynitride, and a 
chromium oxide carbide, a chromium nitride carbide, and a 
chromium oxide nitride carbide as well as a chromium 
metal. The above element can be incorporated in any of 
these base materials. 

In the case of using the chromium-containing material 
film of the present invention as an antireflection layer or a 
light shielding layer, when the chromium-containing mate 
rial is chromium oxynitride, the Sum total of the chromium 
and the above element added is preferably 30 to 95 atomic 
%, particularly preferably 30 to 85 atomic 96. Furthermore, 
the content of oxygen is preferably 0 to 60 atomic '%, 
particularly preferably 5 to 50 atomic '%. Furthermore, the 
content of nitrogen is preferably 0 to 30 atomic '%, particu 
larly preferably 3 to 30 atomic 96. Here, the total content of 
oxygen and nitrogen is preferably 5 to 60 atomic '%. The 
inclusion of oxygen enhances an effect of increasing the dry 
etching rate. 

In the case that the chromium-containing material is 
chromium oxide nitride carbide when the chromium-con 
taining material film of the present invention is used as an 
antireflection layer, the sum total of the chromium and the 
above element added is preferably 30 to 95 atomic '%, 
particularly preferably 30 to 85 atomic '%. Furthermore, the 
content of oxygen is preferably 0 to 60 atomic '%, particu 
larly preferably 5 to 50 atomic '%. Furthermore, the content 
of nitrogen is preferably 0 to 30 atomic 96, particularly 
preferably 3 to 30 atomic '%. Furthermore, the content of 
carbon is preferably 1 to 30 atomic 96. Here, the total content 
of oxygen and nitrogen is preferably 5 to 60 atomic '%. 
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In the case that the chromium-containing material is 
chromium oxide nitride carbide when the chromium-con 
taining material film of the present invention is used as a 
light-shielding layer, The Sum total of the chromium and the 
above additive element is preferably 20 to 95 atomic '%, 
particularly preferably 30 to 85 atomic '%. Furthermore, the 
content of oxygen is preferably 0 to 60 atomic '%, particu 
larly preferably 5 to 50 atomic '%. Furthermore, the content 
of nitrogen is preferably 0 to 30 atomic 96, particularly 
preferably 3 to 30 atomic '%. Furthermore, the content of 
carbon is preferably 1 to 30 atomic 96. Here, the total content 
of oxygen and nitrogen is preferably 5 to 60 atomic '%. 
As a preferred chromium-containing material when the 

chromium-containing material film of the present invention 
is used as a hard mask film for microfabrication of a photo 
mask blank, a chromium compound containing chromium 
metal and also containing at least one or more light elements 
selected from chromium, oxygen, nitrogen, and carbon can 
be exemplified. Examples of Such a chromium-containing 
material can include chromium oxide, chromium nitride, 
chromium oxynitride, chromium oxide carbide, chromium 
nitride carbide, and chromium oxide nitride carbide. 

Such a chromium-containing material has a sum total of 
chromium and the above additive element of 50 atomic 96 or 
more, high resistance during fluorine-containing dry etch 
ing, and Sufficient etch selectivity to a silicon-containing 
material. More preferably, the sum total of chromium and 
the above additive element is 60 atomic '% or more. 

In order to obtain high etch selectivity, the sum total of 
chromium and the above additive element in the chromium 
containing material is preferably 50 atomic '% or more and 
100 atomic '% or less, particularly preferably 60 atomic '% or 
more and 100 atomic '% or less. In addition, the content of 
oxygen is preferably more than Zero atom 96 and 50 atomic 
% or less, particularly preferably more than Zero atomic '% 
and 40 atomic '% or less. Furthermore, the content of 
nitrogen is preferably more than Zero atomic 96 and 50 
atomic '% or less, particularly preferably more than Zero 
atomic '% and 40 atomic '%. Furthermore, the content of 
carbon is preferably 0 atomic '% or more and 20 atomic '% 
or less, particularly preferably 0 atomic 96 or more and 10 
atomic 96 or less. Such contents of the respective elements 
can provide the chromium-containing material with Sufi 
ciently high etch selectivity when it is used as an etching 
mask film. 

In order to form a good resist pattern on the above 
chromium-containing material film, it is preferred that oxy 
gen and/or nitrogen be contained in amount of 5 atomic '% 
O. O. 

Furthermore, when the above chromium-containing mate 
rial film is employed as an etching mask film formed on a 
photo mask blank used in production of a photo mask for 
forming a resist pattern of 50 nm or less, the film thickness 
is preferably 1 to 20 nm, particularly preferably 1 to 10 nm. 
When using the chromium-containing material film of the 

present invention as an etching stopper film of a photo mask 
blank, the same material as that of the etching mask film can 
be selected. 

If the thickness of the etching stopper film of such a 
material is set to 1 to 30 nm, good etching mask effect can 
be obtained without generating a problem of pitch depen 
dency in processing of an etching mask film, and the etching 
precision of a film or a transparent Substrate disposed below 
the etching mask film can be increased. If the thickness of 
an etching stopper film is set to 2 to 20 nm, a further 
preferable etching mask effect can be obtained. 
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As in the case of the conventional chromium-containing 

material film, the chromium-containing material film of the 
present invention can be subjected to dry etching using 
oxygen-containing chlorine gas. The chromium-containing 
material film of the present invention shows dominantly a 
more etching rate under the same conditions as those of the 
conventional chromium-containing material film. The dry 
etching can be carried out, for example, using a gas mixture 
of chlorine gas and oxygen gas at a mixture ratio (Cl gas:O 
gas) of 1:2 to 20:1 in terms of volumetric flow rate, and 
optionally mixed with inert gas such as helium. 
A photo mask having high patterning precision can be 

produced by using the photo mask blank of the present 
invention and patterning a chromium-containing material 
film by a gas mixture containing at least chlorine and 
OXygen. 

EXAMPLES 

Example 1. Example 2, and Comparative Example 
1 

In the examples, film formation was performed on a 
square-shaped quartz Substrate of 152 mm on a side and 6 
mm in thickness by a DC Sputtering method using a complex 
target having a chromium region and an indium region in a 
single target to obtain two different 10-nm thick CrN films 
(Cr:N=9:1) with the different concentrations of In (Example 
1 and Example 2). 
The content of indium in the CrN film was adjusted using 

two complex targets each having a different area ratio of the 
chromium region to the indium region in the target. Sput 
tering gas was a gas mixture of argon gas and nitrogen gas. 

For comparison, furthermore, a CrN film containing no In 
was also formed using a Cr target (Comparative Example 1). 
Two or more of each of the above three CrN film samples 

were produced. Analysis of the composition ratio of indium 
to chromium was determined by a time-of-flight secondary 
ion mass spectrometry apparatus (TRIFT III, manufactured 
by ULVAC-HI, Inc.) 

Furthermore, an In-content distribution measurement in 
the film-thickness direction was carried out on another 
sample containing indium in high concentration by using 
ESCA (JPS-9000MC, manufactured by JEOL). Conse 
quently, as described above, the segregation of In on the 
surface and a profile in the depth direction of In were 
observed as illustrated in FIG. 1. 

These samples were compared with one another with 
respect to the dry-etching rate (clear time) of the CrN film 
of 10 nm in film thickness. 

FIG. 2 is a diagram schematically illustrating the con 
figuration of a device used for chlorine-containing dry 
etching in this case. In the figure, reference numeral 1 
denotes a chamber, 2 denotes a counter electrode, 3 denotes 
a high frequency oscillator for inductively coupled plasma 
(ICP), 4 denotes an antenna coil, 5 denotes a sample, 6 
denotes a flat electrode, 7 denotes a RIE high frequency 
oscillator, 8 denotes an exhaust opening, and 9 denotes a gas 
inlet. Furthermore, the device configured as shown in FIG. 
2 can be also used for fluorine-containing dry etching. 

Etching was carried out under the following conditions: 
The inner pressure of the chamber was set to 6 mTorr, Cl 
(185 sccm), O (55 sccm), and He (9.25 sccm) were supplied 
as etching gas, a Voltage of 700 V (pulse) was applied to the 
RIE high frequency oscillator, and a power of 400 W 
(continuous discharge) was supplied to the ICP-generation 
high frequency oscillator. 
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Clear times of the respective samples of Example 1 and 
Example 2 when chlorine-containing dry etching was car 
ried out under the above conditions were obtained from 
reflectance measurements on the samples and then compared 
with a clear time value of the sample of the comparative 
example which was set to 1. In Table 1, the results of the 
comparison are shown. 

TABLE 1. 

In concentration (atomic 90 

Substrate Clear time 
Sample Surface Surface side (Relative value) 

Example 1 O.24% O.02% O.88 
Example 2 4.60% O.29% O.86 
Comparative Example 1 O.00% O.00% 1 

As is evident from the above comparison results, any of 
the samples of Example 1 and Example 2, which contain 
Indium in their CrN films, shows an increased etching rate 
during the chlorine-containing dry etching as compared with 
the comparative example sample containing no In. 

Example 3. Example 4, and Comparative Example 
2 

In the examples, film formation was performed on a 
square-shaped quartz. Substrate of 152 mm on a side and 6 
mm in thickness by a DC Sputtering method using co 
sputtering with a chromium target and a tin target which 
were independently disposed to obtain two different 44-nm 
thick CrON films with different tin concentration (Example 
3 and Example 4). 
The content of tin in the CrON film was adjusted by 

adjusting the applied power ratio between the chromium 
target and the tin target. Furthermore, Sputtering gas was a 
gas mixture of argon gas with oxygen gas and nitrogen gas 
at a ratio of argon gas: nitrogen gas:oxygen gas-5:6:3. 

For comparison, furthermore, a CrON film containing no 
Sn was also formed using a Cr target in a manner similar to 
the above description (Comparative Example 2). In Com 
parative Example 2, the composition ratio of Cr, O, and N 
was Cr:O:N=5:3:2. Furthermore, the sum totals of the 
respective composition ratios of Cr and Sn (atomic '%) in 
Comparative Example 2 and Examples 3 and 4 were almost 
the same. 
Two or more of each of the above three samples of the 

inorganic material films were produced. The composition 
analysis of the inorganic material films was carried out using 
ESCA (JPS-9000MC, manufactured by JEOL). 

Each of these samples was compared with the chlorine 
containing dry etching rate (clear time) of an inorganic 
material film of 44 nm in film thickness. 
The configuration of a device used for the chlorine 

containing dry etching was the same as Examples 1 and 2. 
Etching was carried out under the following conditions: 

The inner pressure of the chamber was set to 6 mTorr, Cl 
(185 sccm), O (55 sccm), and He (9.25 sccm) were supplied 
as etching gas, a Voltage of 700 V (pulse) was applied to the 
RIE high frequency oscillator, and a power of 400 W 
(continuous discharge) was supplied to the ICP-generation 
high frequency oscillator. 

Clear times of the respective samples of Example 3 and 
Example 4 when chlorine-containing dry etching was car 
ried out under the above conditions were obtained from 
reflectance measurements on the samples and then compared 
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with a clear time value of the sample of Comparative 
Example 2 which was set to 1. In Table 2, the results of the 
comparison are shown. 

TABLE 2 

Sn content Clear time 
Sample (atomic %) (Relative value) 

Example 3 7.70% O.63 
Example 4 4.5% O.85 
Comparative Example 2 O.0% 1 

As is evident from the above comparison results, any of 
the samples of Example 3 and Example 4, which contain tin 
in their CrON films, shows an increased etching rate during 
the chlorine-containing dry etching as compared with the 
comparative example sample containing no Sn. 

These samples were compared with one another with 
respect to the dry-etching rate (clear time) of the CrON film 
of 44 nm in film thickness. 

Etching was carried out under the following conditions: 
The inner pressure of the chamber was set to 5 mTorr, SF 
(18 sccm) and O. (45 sccm) were supplied as etching gas, a 
voltage of 54 W (continuous discharge) was applied to the 
RIE high frequency oscillator, and a power of 325 W 
(continuous discharge) was supplied to the ICP-generation 
high frequency oscillator. 

Clear times of the respective samples of Example 1 and 
Example 2 when fluorine-containing dry etching was carried 
out under the above conditions were obtained from reflec 
tance measurements on the samples of Examples 1 and 2. 
Then, the clear times of the respective samples were com 
pared with respect to the ratio (AT/T) of clear time 
(T) of the fluorine-containing dry etching to the clear time 
(T) of the chlorine-containing dry-etching. The results of 
the comparison are shown in Table 3. 
The ratio of etching rate is inversely proportional to the 

ratio of clear time. The ratio (A-R/R) of the fluorine 
containing dry-etching rate (R) to the chlorine-containing 
dry etching (R) is represented by the relational equation: 
A1/A. 

TABLE 3 

Sn content Clear time ratio 
Sample (atomic %) (TFTC) 

Example 3 7.70% 13.6 
Example 4 4.5% 11.1 
Comparative Example 2 O.0% 10.3 

As is evident from the above comparison results, any of 
the samples of Example 3 and Example 4, which contain 
Indium in their CrON films, shows an increased ratio of the 
clear time of the fluorine-containing dry etching to the clear 
time of the chlorine-containing dry etching during the chlo 
rine-containing dry etching as compared with the compara 
tive example sample containing no Sn (Comparative 
Example 2). In other words, the difference between the 
chlorine-containing dry etching rate and the fluorine-con 
taining dry etching rate becomes large, causing an increase 
in performance of the film as a hard mask. 
As described above, the inorganic material film of the 

present invention contains tin in the chromium-containing 
material. Thus, the etching rate during the chlorine-contain 
ing dry etching can be increased as compared with the 
conventional inorganic film containing no tin. 
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When using the inorganic material film of the present 
invention as Such a light-shielding film, an etching mask 
film, an etching stopper film, or the like, the film can be 
provided with an improved dry etching rate while having the 
same characteristics as those of the conventional inorganic 
material film. As a result, the patterning precision of the 
inorganic material film can be increased without performing 
any design change specific to the inorganic material film. 
By carrying out chlorine-containing dry etching on the 

inorganic material film using the photo mask blank provided 
with the inorganic material film, it becomes possible to carry 
out fine patterning with a decreased damage on a photo 
resist. Therefore, it becomes possible to produce a photo 
mask with high pattern accuracy. 

Comparative Example 3, Comparative Example 4, 
and Comparative Example 5 

In the comparative examples, in a manner similar to 
Example 3 and Example 4, film formation was performed on 
a square-shaped quartz. Substrate of 152 mm on a side and 6 
mm in thickness by a DC Sputtering method using co 
sputtering with a chromium target and a tin target which 
were independently disposed to obtain a 44-nm thick CrON 
film containing Ni, Zn, and Cu in amount of about 3 atomic 
%. 
The contents of Ni, Zn, and Cu in the CrON film were 

adjusted by adjusting the applied power on the chromium 
target and Ni, Zn, and Cu targets. Sputtering gas was a gas 
mixture of argon gas, oxygen gas, and nitrogen gas. 
Two or more of each of the above three samples of the 

inorganic material films were produced. The composition 
analysis of the inorganic material films was carried out using 
ESCA (JPS-9000MC, manufactured by JEOL). 

Each of these samples was compared with the chlorine 
containing dry etching rate (clear time) of an inorganic 
material film of 44 nm in film thickness. 
The configuration of a device used for the chlorine 

containing dry etching was the same as the above examples. 
Etching was carried out under the following conditions: 

The inner pressure of the chamber was set to 6 mTorr, Cl 
(185 sccm), O (55 sccm), and He (9.25 sccm) were supplied 
as etching gas, a Voltage of 700 V (pulse) was applied to the 
RIE high frequency oscillator, and a power of 400 W 
(continuous discharge) was supplied to the ICP-generation 
high frequency oscillator. 

Clear times of the respective samples of Comparative 
Examples 3 to 5 when chlorine-containing dry etching was 
carried out under the above conditions were obtained from 
reflectance measurements on the samples and then compared 
with a clear time value of the sample of Comparative 
Example 2 which was set to 1. In Table 4, the results of the 
comparison are shown. 

TABLE 4 

Sample Element added Clear time 

Comparative Example 3 N not etched 
Comparative Example 4 Zn 4.2 
Comparative Example 5 Cu not etched 

As described above, in the chromium-containing material 
film of the present invention, an element is added thereto and 
is capable of bringing a mixture of the element and the 
chromium into a liquid phase at a temperature of 400° C. or 
lower. Comparing with the conventional chromium-contain 
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ing metal film, therefore, an etching rate during the chlorine 
containing dry etching simultaneously including chlorine 
and oxygen is improved. 
By using such a chromium-containing material film as an 

optical film (e.g., a light-shielding film, an etching mask 
film, or an etching stopper film) of a photo mask blank, the 
patterning precision can be improved while the optical 
characteristics and the like of the conventional chromium 
containing material film can be kept as it is. 

INDUSTRIAL APPLICABILITY 

The present invention provides a novel technique for 
increasing the dry-etching rate of a film made of a chro 
mium-containing material while assuring design flexibility 
of the film. 

REFERENCE SINS LIST 

1 Chamber 
2 Counter electrode 
3 High frequency oscillator for ICP generation 
4 Antenna coil 
5 Sample 
6 Flat electrode 
7 RIE high frequency oscillator 
8 Exhaust opening 
9 Gas inlet 

The invention claimed is: 
1. A photo mask blank comprising a film comprising 

chromium and another element, wherein the other element is 
capable of bringing a mixture of the other element and the 
chromium into a liquid phase at a temperature of 400° C. or 
lower, and wherein the other element is at least one element 
selected from the group consisting of indium, tin, bismuth, 
thallium, lithium, Sodium, potassium, and mercury. 

2. The photo mask blank according to claim 1, wherein 
the film has a region in a thickness direction thereof in which 
the other element is present at a concentration of 0.01 atomic 
% to 20 atomic 96. 

3. The photo mask blank according to claim 2, wherein 
the region in the thickness direction has a thickness of 50% 
or more of a total film thickness of the film. 

4. The photo mask blank according to claim 1, wherein 
the chromium is present in the form of a chromium metal, 
a chromium oxide, a chromium nitride, a chromium carbide, 
a chromium oxynitride, a chromium oxycarbide, a chro 
mium carbonitride, or a chromium oxycarbonitride. 

5. The photo mask blank according to claim 1, wherein 
the film is a light-shielding film, an etching mask film, or an 
etching stopper film. 

6. The photo mask blank according to claim 5, wherein 
the film is a light-shielding film having a laminated structure 
comprising an antireflection layer and a light-shielding 
layer, and at least one of the antireflection layer and the 
light-shielding layer has a region in which the other element 
is present at a concentration of 0.01 atomic '% to 20 atomic 
% relative to chromium, and the other element is capable of 
bringing a mixture of the other element and the chromium 
into a liquid phase at a temperature of 400° C. or lower. 

7. The photo mask blank according to claim 1, wherein a 
ratio (R/R) of a chlorine dry etching rate (R) and a 
fluorine dry etching rate (R) of the film is higher than that 
of a chromium film free of the other element. 
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8. The photo mask blank according to claim 1, wherein 
the film is formed by a process of co-sputtering in which a 
chromium target and a target comprising other element are 
simultaneously sputtered. 

9. A method for manufacturing a photo mask, comprising 
patterning the photo mask blank of claim 1 by contacting the 
film with a gas mixture comprising chlorine and oxygen. 

10. The photo mask blank according to claim 1, wherein 
the other element is bismuth. 

11. The photo mask blank according to claim 1, wherein 
the other element is thallium. 

12. The photo mask blank according to claim 1, wherein 
the other element is lithium. 

13. The photo mask blank according to claim 1, wherein 
the other element is sodium. 

14. The photo mask blank according to claim 1, wherein 
the other element is potassium. 

15. The photo mask blank according to claim 1, wherein 
the other element is mercury. 
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16. A film mainly comprising chromium, and further 

comprising another element, wherein the other element is 
capable of bringing a mixture of the other element and the 
chromium into a liquid phase at a temperature of 400° C. or 
lower, and wherein the other element is at least one element 
selected from the group consisting of indium, tin, bismuth, 
thallium, lithium, Sodium, potassium, and mercury. 

17. The film according to claim 16, having a region in a 
thickness direction thereof in which the other element is 
present at a concentration of 0.01 atomic '% to 20 atomic '%. 

18. The film according to claim 17, wherein the region in 
the thickness direction has a thickness of 50% or more of a 
total film thickness of the film. 

19. The film according to claim 16, wherein the chromium 
is present in the form of a chromium metal, a chromium 
oxide, a chromium nitride, a chromium carbide, a chromium 
oxynitride, a chromium oxycarbide, a chromium carboni 
tride, or a chromium oxycarbonitride. 
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